Six different synthetic diets were given to Wistar rats for four weeks Group 1, thiamine and magnesium deficient; group 2, thiamine deficient , magnesium sufficient; group 3, thiamine adequate, magnesium deficient; group 4, thiamine adequate, magnesium sufficient; group 5, thiamine ex cess, magnesium deficient; group 6, thiamine excess, magnesium sufficient . Triglyceride, cholesterol, and total lipid levels in the livers of group 3 and 5 rats increased significantly. These values decreased in groups 1 and 2. Incorporation of 14C-acetate to liver lipid or cholesterol fractions increased in magnesium deficient groups (groups 3 and 5) rather than in the magnesium containing groups (groups 4 and 6). This increase was most prominent in the thiamine and magnesium deficient (group 1) and thiamine deficient magnesium sufficient groups (group 2).
In continuing studies on the interrelationship between thiamine and magnesium metabolism, the following relationships were elucidated . 1) Thiamine and magnesium deficient as well as thiamine deficient magnesium sufficient diets caused the greatest growth depression, and the magnesium deficient diet caused moderate growth depression in animals(1, 2). 2) Animals fed thiamine containing magne sium deficient diets developed erythema in the ears and nose, but thiamine and magnesium deficient rats showed no such erythema. Blood serotonin levels increased only in the groups manifesting peripheral erythema(3) . 3) Transketolase activity in various organs decreased markedly in thiamine and magnesium deficient rats and thiamine deficient magnesium sufficient rats. In vitro addition of thia mine pyrophosphate to tissue homogenates from thiamine deficient magnesium sufficient rats resulted in prompt recovery of transketolase activity . This pheno menon was not observed, however, when rats were deficient in both thiamine and magnesium (1, 4) . 4) Thiamine concentration in the liver and kidneys of thiamine adequate magnesium deficient rats was lower than that in the thiamine adequate magnesium sufficient rats (1, 2) . This paper reports on the fat metabolism as related to thiamine and magnesium metabolism.
MATERIALS AND METHODS
Animals and diets. Male Wistar rats, weighing about 80-100g were housed individually in stainless steel cages with a raised wire bottom. Composition of the synthetic diets was the same as described previously (1) (2) (3) (4) , that is, group 1 was fed a thiamine deficient magnesium deficient diet (thiamine 0mg and magnesium 0mg in 100g diet), group 2 a thiamine deficient magnesium sufficient diet (thiamine 0mg and magnesium 600mg in 100g diet), group 3 a thiamine adequate magne sium deficient diet (0.5mg of thiamine and 0mg of magnesium in 100g diet, group 4 a thiamine adequate magnesium sufficient diet (0.5mg of thiamine and 600mg of magnesium in 100g diet), group 5 a thiamine excess magnesium deficient diet (5.0mg of thiamine and 0mg of magnesium in 100g diet), and a thiamine excess magnesium sufficient diet (5.0mg of thiamine and 600mg of magnesium in 100g diet) was given to group 6. Diets were given ad libitum. Determination of radioactivity. A known portion of liver homogenate, liver lipid, or cholesterol fraction was used for measuring radioactivity by liquid scin tillation counter. The 14C-cholesterol fraction was isolated from the nonsaponi fiable fraction by the digitonide method of SPERRY and WEBB (6 Table 1 shows the initial and terminal weight, weight gain, and liver weight expressed as percentage of body weight of each group. The body weight gain in a 4-week period on these dietary regimens was similar to the previous experi ments(1-4). Relative liver weight increased slightly in thiamine containing mag nesium deficient groups (groups 3 and 5). Cholesterol, phospholipid, and trigly ceride levels in serum, shown in Table 2 , increased slightly in thiamine added magnesium deficient groups, although no significant difference was observed. Figure 1 and Table 3 illustrate the total cholesterol, phospholipid, triglyceride, and lipid levels in the livers. The cholesterol and lipid levels in the thiamine adequate magnesium deficient (group 3) and thiamine excess magnesium deficient rats (group 5) increased significantly. On the other hand, in thiamine deficient groups (groups 1 and 2) these values decreased slightly. Liver phospholipid levels showed no change among the groups. In contrast, the tendency of incorporation of 14C-acetate into lipid fractions was rather different as compared to the levels of total lipid and cholesterol in the livers. The ratios of 14C-lipid to total radioactivity in the liver and 14C-cholesterol to total radioactivity in the liver (Figs. 2 and 3 ) increased markedly in thiamine deficient groups (groups 1 and 2). Among thiamine containing groups, 14C -cholesterol and 14C-lipid levels in liver increased in only the magnesium deficient groups (groups 3 and 5). 
DISCUSSION
In regard to the relationship between magnesium and lipid metabolism, researchers at Harvard University found (10) (11) (12) (13) (14) : (1) The addition of cholesterol and cholic acid to a diet containing a normal amount of magnesium resulted in magnesium deficiency in rats. This magnesium deficiency was characterized by hyperexcitability, hyperemia of the ears, calcium deposition in kidney tubules, low serum magnesium levels, and decreased oxidative phosphorylation of heart mitochondria. These lesions were prevented by increasing dietary magnesium. (2) In the cholesterol-cholic acid fed animals (with marked hypercholesterolemia), addition of magnesium was always effective in lowering the vascular sudanophilia (heart score) with one exception, i.e., when the dietary calcium was at the lowest level (200mg per 100g diet) . However, addition of magnesium was ineffective in lowering the serum cholesterol level of these rats. Our present study reveals S. SASAGAWA, and M. FUJIWARA that thiamine containing magnesium deficient rats had hypercholesterol, hyper triglyceride and increased total lipid levels in the liver as well as increased serum cholesterol and triglyceride levels compared to the thiamine containing magnesium sufficient rats. These two studies confirm that magnesium plays a great role in lipid metabolism in animal bodies.
In the labeled acetate experiments, we found that incorporation of 14C-acetate into the liver lipid or cholesterol fractions increased significantly in magnesium deficient groups rather than in magnesium sufficient groups. These observations suggest that increased cholesterol and total lipid in the liver of magnesium deficient animals may be attributed to the increase of lipid synthesis. Although further experiments are necessary to clarify the mechanism, this phenomenon may be explained by the hypothesis that magnesium deficiency, in some unknown manner, obstructs the pathway of acetate to the tricarboxylic acid cycle, and consequently the acetate is forced to proceed into the lipogenesis pathway. These speculations can also be applied to lipid metabolism in thiamine deficient animals. Lipid synthesis increased markedly in thiamine deficient groups (groups 1 and 2) as shown in Figs. 2 and 3 . Thiamine deficiency may obstruct the pathway to the tricarboxylic acid cycle to an even greater degree than magnesium deficiency. However, total cholesterol, triglyceride, and lipid levels in the liver decreased in thiamine deficient groups, and mechanisms of these relationships also remain to be clarified. 
